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Primary Mirror Edge Supports: Forces
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Twenty-four (24) edge supports keep the primary mirror in the CTIO Blanco 4-meter
telescope from sliding off the mirror cell. Refer to Appendix 1 for a brief description
and images of the edge supports and cell. The edge supports are equally spaced
around the mirror. The radial force exerted by a support on the mirror is generated by
a counterweight and lever arm. The mirror pad base distributes the edge support
force to four invar pads that are epoxied to the side of the mirror.

The force exerted on the mirror by the edge support depends on the mirror
declination angle (angle from the zenith). The edge supports are vertical when the
mirror is horizontal. They exert no radial force on the mirror in this position because
the gravity vector acts axially through the center of the lever arm and through the
center of the counterweight. The mirror cell supports the weight of the mirror in this
position. At the other extreme, the edge supports are horizontal when the mirror is
rotated to the vertical, (The calculations are done on the basis that the primary mirror
can be rotated all the way to the vertical, i.e., declination angle of 90°. It can not
actually be rotated that far.) They exert maximum force and carry the weight of the
mirror in this position.

The force exerted on the mirror by an edge support also depends on its position on
the mirror at any declination angle. When the mirror is at a declination angle of 90°,
the supports at the apex and the very bottom generate the maximum force because
the gravity vector acts at 90° to the lever arm, i.e., in the lever arm’s plane of
rotation. At all other positions the gravity vector acts at some angle other than 90° to
the Tever arm. Hence, the force exerted at each circumferential position depends on



Applicable Codes:

the angle from the vertical to the radial line of action for the counterweighted lever
arm,

CTIO personnel have calculated the radial forces needed to support the mirror at the
horizon, i.e., at a declination angle of 90°. Their force diagram is in Figure 1. It is
taken from Tim Abbott’s presentation titled Blanco primary mirror translations
given during the CTIO meeting held at Fermilab on May 18, 2005.

In this note, the forces needed to support the mirror at the horizon are calculated for
two cases. The first case (Section 1.0) is for radial support only, like the CTIO
calculation. The second case (Section 2.0) is for radial and tangential support of the
mirror.

The extra weight that must be added to each end support as it exists today (according
to the drawings) for it to provide the maximum restraining force in the radial support
case (Section 1.0) is calculated in Section 3.0.

None.



Section 1

Section 2

Section 3

Discussion and Results

Radial reaction forces required to support the primary mirror are calculated via finite
element analysis. It is assumed that no tangential forces develop at the edge supports.
Mirror weight is taken as 34,000 pounds. The results are in Figure 2. The forces are
slightly larger than the CTIO results in Figure 1: for position 1, 2,840 lbs vs 2,800
Ibs; for position 2, 2,740 lbs vs 2,705 1bs; for position 3, 2,460 Ibs vs 2,425 lbs; for
position 4, 2,010 Ibs vs 1,980 Ibs; for position 5, 1,420 Ibs vs 1,400 lbs; for position
6, 734 1bs vs 725 1bs. The maximum force at position 1 is used in the edge support
counterweight calculations in Section 3.0.

Radial and tangential reaction forces required to support the primary mirror are
calculated via finite element analysis. It is assumed that tangential forces can develop
at the edge supports. Mirror weight is taken as 34,000 pounds.

It looks like the end supports in positions 2 through 6 might provide some lateral
restraint. Using these results in the edge support counterweight calculations is a topic
for further consideration. Using the results from Section 1 to determine the
counterweight is on the safe side because the forces are larger than the results in this
Section. The effect of tangential forces on the epoxy joint between the edge support
and the mirror will be covered in a future engineering note.

Radial reaction force results are in Figure 3. The radial reactions for this case are
smaller than the case in Section 1 for radial only restraints: for position 1, 1,840 1bs
vs 2,840 1bs; for position 2, 1,780 Ibs vs 2,740 1bs; for position 3, 1,600 Ibs vs 2,460
Ibs; for position 4, 1,310 Ibs vs 2,010 Ibs; for position 5, 923 Ibs vs 1,420 1bs; for
position 6, 448 lbs vs 734 Ibs.

Tangential reaction force results are in Figure 4. The tangential reaction forces are:
for position 1, 0 1bs; for position 2, 282 Ibs; for position 3, 550 Ibs; for position 4,
792 1bs; for position 5, 1,010 1bs; for position 6, 1,250 Ibs.

In part 1.0, the total moment generated by the counterweight assembly about the
lever arm’s pivot point is calculated. This is done by summing the moment
contribution of all components. The moment for a component is found by
multiplying the weight of the component by the dimension between its center-of-
gravity and the pivot point. Component weight and distance from the pivot point are
calculated using dimensions on the drawings. It is assumed that only 5 trim weights
are installed on each edge support. This is the nominal quantity of trim weights
specified in the edge support bill of material. The additional weight that must be
added to the support for it to exert the maximum radial reaction force in Section 1.0
is calculated.

The weight of all components on the counterweight side is calculated at 150.5
pounds. The effective distance between the pivot point and the 150.5 pound
equivalent concentrated force is calculated at 23.67”. These two results include the
additional weight, 15.75 pounds, added to balance the maximum radial reaction force
in Section 1.0.

In part 2.0, the 150.5 pound counterweight force and effective offset of 23.67” is
used to calculate the force exerted by an edge support on the mirror as a function of
declination angle for an edge support positioned at the top of the mirror, i.e., position
1 in Figure 1. Part 2 results include the additional 15.75 pounds added to balance the
maximum radial reaction force in Section 1.0,

In part 3.0, the 150.5 pound counterweight force and effective offset of 23.67” is
used to calculate the force exerted by an edge support on the mirror as a function of
both declination angle and circumferential position on the mirror, i.e., positions 2
through 6 in Figure 1. The results are shown on page 7 of the hand calculations. Part



3 results include the additional 15.75 pounds added to balance the maximum radial
reaction force in Section 1.0.

For comparison, the force exerted by an edge support on the mirror as a function of
both declination angle and circumferential position on the mirror is also calculated
without the additional 15.75 pounds needed for the support to exert the maximum
radial reaction force in Section 1.0. Essentially, this calculation is nominally for the
supports as they exist today (according to the drawings). The results are shown on
page 8 of the hand calculations. For this calculation, the weight of all components on
the counterweight side is calculated at 134.76 pounds. The effective distance
between the pivot point and the 134.76 pound equivalent concentrated force is
calculated at 22.625”. These numbers can be found on the bottom of page 3 of the
hand calculations. As seen in the results on page 8, the edge supports as they exist
today exert more radial force than required when tangential restraint is included in
the calculation.
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Section 1 - Figure 2
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Section 2 - Figure 3
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FERMILAB SECTION PROJECT SERIAL-CATEGORY PACE
RF ENGINEERING NOTE | 3.0 | ‘ |
T CcTio primar YZ mmror ed SuFFaY‘tS "
— MO\\UW\UM ay)P M r“a,d.z vee, 01/9'3/05 REVISION DATE
CMcMajé FM ain hori th'fa/f sition L. e; ¥
(ot top of the Yirror) P L 't —
ZMp =0 | l 2 l
Fn 4 Z;Fc;.@{ =0 Fa
Fm . Z Fci€i ,Z=/.§5'"
| A
C‘ounfiogwe.“%{us | Fi e Fei éq
| | (Lbs) (*h) (in-Ls)
3x2x0 065 stee| +ubing 5 Rris 83,/
F= 2,53 ‘_:_plz,:} %ﬁf: 5 Lbs |
ex= G6’0.75)+3 = fb(azr’
R ‘
Bucket for -{-Pte..’ lead,' . L
~Shell, 3 578 77
F- [71‘(7058?)(0 osae)ﬂ«ﬁozsaww
e = 6 (o*zS'-ro s+4)+3= 25.7¢"
- Bottorn plae 0.5 271 4.9
F- E—C(c. N = (3 1?] A3 0,058, 0 183;}3
0.8 Lps
e= 28-(015+t0.5) =2 ,0537 +3 = 297
Rm‘g 41" 3R X 112" stead =N 20.3] &o.b
|‘%LL<,,t |l7,4~,r-5 2 Lbs
e = 28- o.7§ ty -as+ 7223031
Note: Ring JLc((_nwfr [4h-3 '/;1/3«‘* A
4‘10\&; m-Hu._rmg e ¢ 0.04 30.55 -/.2
F- E‘(%)%](vo,,:’fa 193 Lb/5*)(4) = 0.04 Lbs
= 43-615 +3-05t0.87 355"
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- FEAMILAB SECTION lmoaecr "7 | seRIAL-CATEGORY PAGE

W ENGINEERING NOTE 3.0

.,‘_SUBJEGT . :M REVISION DATE
- | | /23/p5
Cou-V\MrWWS Fi ei Fe; ei
(Lbs) (in) (im - Lks)
Lead | 93,54 RS.T§ 2,408.7
F= 104 -(5+3+0.5+2-0.04)
= 4315—4“5
e = 25,78"
Up 4o o5 ootk = L £= Ae43s3
Fem = 2643 mlbs . &,/ 14 Lés
.25 &n |
| Lever : Stead skc-ﬁf 0.7 £.19 2.9
= T TR 2.28) — fo.27E) (. o 0283 kb o 0,7 LbS
F ZE\ 1R137Ya.38) (: 37%) (! \813)_1»{” 5?.,
e=(238/2)+3= 4.1
Forr (1L75) 2‘7,38-;1.394] 3, 0,283Lb. =147
% 4 =2
e:(2138-2.38-1), 2.38 L35 7,/4"
)1y | , -
195" o (] ,5 30 ré? ' /5
)

e’
sthes (M) (15 =7 a= 31,8 0
N2 B = QA/2) D b p.bin
+ .
,, Famas)y 4'(3'?"{:) + ('5) (9xo.bﬂl‘1\\m* [Am % 0:263Lb . 0.5 Lbs
4 340 /n3
L~ 21.%%- 23%2-0,S+2230.0L9

10



* . FER M ILAB SECTION PROJECT SERIAL-CATEGORY PAGE
AF ENGINEERING NOTE 3.0 l 3
SUBJECT NAMMS
t/o3/es
Cau.v\-[*exwe«i&m Fi e Fci e
(lbs) (in) ~ (in- Lbs)
*| Set screws Qiy=4 0,1b 20.55" 4.9

Tiometer = 571" .

Averagt lem =(f'3/4 r2ya: 1%

F= 41 (40 A)x (1.475)] in*» 0,283 LL /3 = 0.1 Lhs
e= 1tb-ons43-05+0.9 = 30.85"

| Pivot yoke - 7.45 0.7 8.5
F =945 Lbs | Caledated via
e=909" IveAs 3D Moded |
HF o His .'POTW("" 2= X97%.6
Fm - 2471/0.25 > R,383 Lbs

e Trim wu‘(f&t 225 3,3 . 704

(5 novinad reiu:'r‘eab)
Pseume the materiolk 1s steel.
Assume +Hw dimensions are: 56.235 oD x 0.625"ZD X 0,07/ in +hickness
Nede: Trim wedg bt atexiod and dimensions are assurmed until
- we obdmin a Copy of +he A,rawin}t

F;he\awe.: E(;—,sg?-,o.ias‘)o.o'nlm0.'.28"5[—!:1 = 0,45 Lks
Neglect Hhe LD v accowr\lt: £o¢ the, {ostenex

‘ A ‘ - ) a bt
for 7,:,&12‘25; F=5(0.45)=2735 Lbs ﬁeﬁ'o éﬂlf\‘.:‘:;&:cn:'\*fhwe.x%ks

e = 23.?;5 - R28/2.+ 0,071 (5/2>+3 = 31,2/
Conclusion up o -z‘A‘..s/ao/'hz‘ "gr Frm, Fe G et z= 3, 049 n-Lbs

Fm= 3,049 /125 = 2,439 Lbs |

Totad uum;terwe‘tw force. = 134,76 Lbs = Fe

Cailewldate Ne' Hor 134,76 Lbs .y
e for coumterweight force = 3,049,/734.76 = 22635

g e s & o o Y ot i@ =545
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u FERMILAB SECTION PROJECT

%€ ENGINEERING NOTE | 3.0 | "4
o | M N S ‘ REVISION DATE
/ - b/p3/05
Countur wd&eﬁts Fi e Feied
| (LbsY (Gin) (In-Lbs)

o | Calendote howo much wd@z/d must be, addel 1+ He support dor
lf +o /orod.uce, +he mmaximun radiol reaction 74;70/0

cellated in the FEA moded for +he Case of having only
Mauau-Q r&5+mh-f's and the Mirrer verti cal.

Mogimum cadiak reactiom foree (FEA) = &,840 Lbs
Ag 2,840 = 2, 439 = 40l s

Pa—at3 colewhated volue for Fm
E—Fc,e, = 9’2,94—01.45 (/:zs’,m) = 3,550 in-Lbs
O = 3550 - 3,047 = 560 4n- Lbs

| Pég,e,:ﬁ calewlated value ‘,Q»r ZFejes
1Add 35 wore drim wa%;ﬁisf

= 35(045) = 575 Lbs
: e. = 24,38 -2.38/2 + 0,07 (5/2) 12+ 0,07 (35/2) = 32.6"

/675 X 326 = 573,45 m-tés
Grond, Hotel ot Hiis /bomt' | = = 3,502 inlbs
Fm = 3,562.// 25> 2,350 Lbs > 2,840Lés gk
' vasc-cusim for Fin, Fa and ¢ : |
Fm= 2,850 Lbs > 2,540 Lés oK |

Toted ewwfwwagé: force = 150D.5 Lbs = F=
Calcd o te Ve —Far 150:/5 Liés -

Yo for coMuwajg,Afﬁma:.s}gé?//go,gf 23,67 "
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* FE RMIL AB . SECTION PRCJECT . SENALCATEGORY PAGE
2F ENGINEERING NOTE 20 - 5
“SEJECTO D:":e S

REVISION DATE

/23 /ns
Codeulike Fm as a function a'—f Agclination am%/ﬁz. at 41;»!)

Pos‘r\ﬁm'\ on He nwuavror

Fm (O) = Ew (23.67)
125

© = dechinativn auagle

8=0 wit s ort in
Verdical - L:(::—[:Tn, e,
Fr collimear with
+ha 150.5 Lb
o umter wed

sinB = Fy/150.5
AF.I’J = 1505 5-4‘3'\9

v Fpy (& = 156.5 $in8(23.L7)/1.25
2 2,849,849 Sinf

) - FEm
o° @) L.bs
]0° 494-.7
Ho° 9747
30° H424.9
40° /y831.9
4s° 015, X
50'; 1831
6O . 2,409,
70 2,678
g0 ° R 806,5

90° 2844 9
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* FERMILAB SECTION PROJECT SERIAL-CATEGORY PAGE

¢ ENGINEERING NOTE 3,0

g “ReAS
3.0 o i
Cidedate Fm as a -@Maf"t“m 04 declinodtT on OM,GLQ_
Ot ‘-Pos‘.hu'v\ avroumd He mirror
Relor to Hhe sketch tn § 2.0,

Fm te az\wo.«ués L 4o Hha mivror ool (Po'w\-\s 4o Hhe ceviter
o¥ Hhe ~yvror. : 300 vt
3

\

| v '

| _Tka. 150.5 courterweight Hovrce is in \—\’\o:‘:"o
e direction o{’jra\/ﬁ:y,’ ' /

| Both Fr & Fu are in a plane. 1 do +he 9/43/2— Su—fzror‘t,
cos &= F’R/Fr:l => Fr=fn cos¢ . Substiute FN Jrom F2AD,

v FR = 150.5 sin 8 cos x, Follow the first formula. in §2.0:

LT (B)%) = /5D, 550 cosat (aa.é’Vl'-DS)

= %49,868 5118 Cosk

Numevical values arve dubulated on Page 70
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Page 7
AMS
6/23/05

Calculate radial restraining force exerted on the mirror by the edge supports as a function of declination

angle and position around the mirror:
2849.868 Position on the mirror from the top [degrees]
Top position = 0 when mirror is declined 90 dggrees.
For the case of
having only radial Declination angle
restraints (no freo": t";e vefﬁfal 0 15 30 45 60 75 90
tangential
restraints)
[degrees]
Support vertical,
Mirror horizontal 0 0 0 0 0 0 0 0
10 495 478 429 350 247 128 0
20 975 941 844 689 487 252 0
30 1425 1376 1234 1008 712 369 0
40 1832 1769 1586 1295 916 474 0
45 2015 1946 1745 1425 1008 522 0
50 2183 2109 1891 1544 1092 565 0
60 2468 2384 2137 1745 1234 639 0
70 2678 2587 2319 1894 1339 693 0
80 2807 2711 2431 1985 1403 726 0
fnlilr?gfce?t?;;omal' 90 2850 | 2753 | 2468 | 2015 | 1425 738 0
PRIMARY MIRROR EDGE SUPPORT
Radial restraining force
3000
w
g 2500
w_ [==—( degree position on mirror
E ‘8 2000 == 15 degree position on mirror
a "_-‘- «==30) degree position on mirror
E g 1500 45 degree position on mirror
% g =30 degree position on mirror
W 1000 - 75 degree position on mirror
E == () degree position on mirror
o 500 -
T8
0 T T T T
0 20 40 60 80 100
Support declination angle from vertical
[degrees]

I | | | |
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Page 8
AMS
6/23/05

Calculate radial restraining force exerted on the mirror by the edge supports as a function of declination

angle and position around the mirror:
2439.156 Position on the mirror from the top [degrees]
Top position = 0 when mirror is declined 90 degrees.
For the case of
having both radial |Declination angle
and tangential from the vertical 0 15 30 45 60 [ 9%
restraints
[degrees]
Support vertical,
Mirror horizontal 0 0 0 0 0 0 0 0
10 424 409 367 299 212 110 0
20 834 806 722 590 417 216 0
30 1220 1178 1056 862 610 316 0
40 1568 1514 1358 1109 784 406 0
45 1725 1666 1494 1220 862 446 0
50 1869 1805 1618 1321 934 484 0
60 2112 2040 1829 1494 1056 547 0
70 2292 2214 1985 1621 1146 593 0
80 2402 2320 2080 1699 1201 622 0
Support horizontal,
Mirror vertical 90 2439 2356 2112 1725 1220 631 0
PRIMARY MIRROR EDGE SUPPORT
Radial restraining force
3000
L
g 2500
w_ e () degree position on mirror
E ‘8 2000 15 degree position on mirror
= . .
B = e 30 degree position on mirror
E I:o: 1500 e A5 degree position on mirror
‘S g e () degree position on mirror
w 3 1000 75 degree position on mirror
fé ===ae9() degree position on mirror
(o] 500 -
rd
o T T T T
0 20 40 60 80 100
Support declination angle from vertical
[degrees]

16
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Appendix 1

Blanco 4-Meter Shutdown October 2002

Tim Abbott

A&  tthetime of writing, the Blanco 4-meter telescope
A shutdown is nearing completion. The first priority
% for this shutdown was 1o repair broken radial
supports: Two dozen of these edge-mounted, mechanical

_assemblies reduce sagging of the primary mirror under

gravity by distributing the load; they push from below and

“pull from abeve when the mirror is tilted, with the force
‘vectors passing through its centef of gravity.

The supports are attached to the Gervit primary via
epoxied Invar pads. In some cases, the epoxy hes failted,
The supports are nearly impossible to access without

' dismantling the telescope and it is difficult to detect precisely

when they detach from the mirror, and. therefore under

“what circumstances. On sverage, oaily one or two of these
supports break during a period of roughly two years, but this

time a total of four supports had given way in the two years

since the last re-aluminization of the primary. The risk of

further breakage and possible disabling of the telescope
forced our hand, even though we hed hoped to wait another

‘two years before re-aluminizing, and thus gaining access to

22 December 2002
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the supports. As itis, we are now cleaning the mirror with
both water and CO; spow.

Given that the repairs mqaﬁre‘&immtung the telescope.

-and’ thus closing it for & minimum of ‘ten days, we

decided mmmd the downtime to two weeks and take
the epportunity to re-aluminize the primary as well. A

v immber of other tasks werealso scheduled and wmplaewd

»  New mirror cover actuators have been installed—
‘the new mirror cover stretches the capability of
the old actuators, requiring that the telescopebe |
‘brought to north station 1o open and close; the new
actuators are considerably more powerful
» Anew Cassegrain guide camera has been -
installed—per mitting region-of-interest and
therefre st geiing. |
» Telescope grounding paths were improved,
perished compressed-air lines were replaced; and
cables were rerauted to bypass an andent and
failing cable run. ‘

continued



CTIO

Blanco Shutdown continued

« Microswitches and self-illuminating cameras have
been installed on each support pad to provide
instant notification of broken pads and the ability
to inspect their condition remotely.

Considerable thought was put into identifying plausible
causes for the support breaks, and as many of these as
possible were addressed. Old epoxy was stripped and
the surfaces carefully prepared to create a good bond.
Previously, joints were repaired after re-aluminization of
theprimary. Then the epoxy cure was accelerated by heating
with lamps, and the supports were neither disassembled
prior to reinstallation nor lubricated—both of which might
have relieved differential thermal expansion stresses.
Cervit and Invar have very low thermal expansion, but
Invar’s is greater
than Cervits and
considerable forces
can still develop.
This time, repairs
were done before
re-aluminization,
the joints were
cured at ambient
temperatures  for
a full week, the
supports were
removed after
the repair, and
lubrication ~ was
applied to critical
belted surfaces.

No evidence was
found of binding
in the supports
from corrosion (as
a result of either
condensation  or
possible leaks
in the wet-wash
seall.  All repairs
survived straintests
50 percent greater
than the nominal
specification before

the telescope was
reinstalled.

Figure 1. One of the infamous edge
supports, mounted op the mirror cell
at bottom and still attached to the
mirror at top.

Suspecting that mechanical misalignment might be a
contributory cause, we carefully measured the relative
positions of the mirror, its cell, and the supports. A full

18

The dismantled Blanco teiescope. In the
foreground s the mirror cell, the edge supports around the
edge and two circles of active optics supports within. At the
rear, the primary mimos, freshly stripped of its aluminem
coating, is prepared for lfting onto the bottom of the
re-aluminization chamber in the midaie of the picture.

Figure 2.

analysis is pending, but we discovered that the mirror was
mounted in the cell at 2.3 millimeters below its nominal
position. ‘There is no obvious reason for this but it may
be the accumulated result of repeated recollimations and
other adjustments experienced by the telescope. Since
such a displacement would generate a torque in the tilted
mirror via the edge supports and produce lateral forces in
the epoxy joints, we correctad the error. A gratifyingsanity
check was provided on reassembling the telescope: the run
of below-mirror hard point loading with telescope altitude
is now a clean sinusoid whereas previously it had been
lopsided, exactly as would be expected.

Despite these efforts and to our considerable distress, cne
of the repaired edge supports failed almost immediately
after we started moving the telescope. The proximate
cause of the break may have been the result of a procedural
error, but it seems clear that the supports should be able
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to take considerably more strain than they are suffering if
everything is per design. Nevertheless, we have considerably
improved our knowledge of the telescope through this
shutdown, and the new capability to monitor the condition
of the supports will hopefully provide us with unambiguous
information in the event of additional breaks and perhaps
lead us to a permanent cure.

The final tasks of the shutdown involve confirming that the
telescope is operating correctly and tweaking the optical
alignment as necessary. ‘Thus far, all seems well.

It is impossible to mention everyone who has made a crucial
contribution to this work, but Oscar Sad, Roberto Tighe,
Gale Brehmer, Andrés Montané, Eduardo Huanchicay.
Ricardo Schmidt, and their teams have all played central
roles at one point or another. In particular, the frequently
unsung mechanics have been a pleasure to watch; their deft
handling of tens of tons and metal and glass made graceful

choreography of dangerous work.

19

Figure 3. The US Ambassador to Chile paid as a visit during
the shutdown. Back row: Gale Brehmer, Manuel Martinez,
Javier Rojas, Tim Abbott, and Oscar Sad. Middle row:
Eduardo Huanchicay, Andrds Mostané, Ambassador Witliam
R. Brownfield, Malcoim Smith, and Wilson Muroz. Front row:
Eduardo Agairre and Jorge Briones.



